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RESEARCH OBJECTIVES AND SUMMARY OF RESEARCH
1. While we are still interested in the coding problem on single central neurons and
in teledendra as shaped filters for different time series of pulses, no new insights have
occurred since last year. Nevertheless, we continue to work on the material.
2. The nerve membrane model has been taken to completion (as a model). Various
laboratories around the country are using a truncated version in teaching. A paper is
in preparation; otherwise, we expect to discontinue this work.
3. Regrowth of nerve connections in the frog has yielded a mixture of results.
a. With respect to disordering the "field operations" on the tectum, as discussed
last year, no disorganization occurred in the regrowth of optic nerve to tectum in ani-
mals kept under stroboscopic lighting after optic nerve section. This long-term exper-
iment seems almost useless in retrospect, but it had to be done. The problem is now
more mysterious and disheartening than ever.
b. With respect to neuronogenesis initiated in tectum after optic nerve section,
Dr. E. R. Gruberg has found a sharp, transient and quite large initiation of new cell
formation from the caudo -lateral ependymal lining. He is tracing these cells in the tec-
tum and believes that some become neurons.
4. A new finding in sharks, reported to us by Dolores Schroeder, of Dr. Ebbeson's
laboratory at the University of Virginia, is that sharks can be visually trained with optic
lobes removed. Accordingly, we decided to try the same in frogs and found, to our
amazement, that frogs not only take prey, but jump to avoid obstacles after the tectum
is gone. Dr. Schroeder has found in sharks, as Dr. Harvey Karten found in birds, a
large tract from dorsal thalamus going into forebrain. The forebrain in amphibia,
though large, is difficult to record in; nevertheless, we did record in the caudo-ventral
half of the forebrain and found single units responsive to visual stimuli in a lovely and
complex way. This is now being pursued by Susan Udin.
5. Mark Lurie has found a strong correlation between the C wave of the retino-
gram and the initial, protracted firing phase of the dimming detectors to a flash of light.
He is examining this correlation with a view to tracing causal relations. He finds that
the current produced by the pigment epithelium is dependent on the Na+/K + relations in
the medium facing the inner surface of the epithelium. From this he believes he can
adduce some aspects of the ionic fluxes related to the response of receptors to light.
6. Another project, being carried out by Robert S. Stephenson, concerns the regen-
eration of motoneuron axons in normal and grafted axolotl limbs. When a peripheral
nerve of a salamander is cut, axons often branch in the region of the scar. Stephenson
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investigated these branched axons by stimulating one branch electrically and observing
muscle contractions caused by axon reflexes in the other branches. These contractions
are not due to stimulus spread, spinal reflexes or ephaptic effects. Two branches of a
single motoneuron axon may run to the same muscle, to different muscles, or even to
different legs in animals with supernumerary, grafted legs. But in more than 80% of
the cases the branches run to the same muscle, homologous muscles (in different legs),
or muscles closely related in position and function. This requires that connections
between muscles and regenerating nerve branches be made selectively. These exper-
iments also explain the paradoxical results of earlier experiments by Paul Weiss.
Branching between related muscles in normal and grafted limbs is not sufficient, how-
ever, to explain why they move homologously.
7. During the past year we have continued our investigation of the long-term effects
on nerve threshold that occur during impulse activity. We can now anticipate the form
of the "threshold curve," given the relative timing of impulses in the axon. This curve
expresses the relation between real time and threshold. Research on this problem is
proceeding with two projects.
a. Neurophysiology and causation of the threshold changes. Work in this area has
been done with the collaboration of Marian Mitchell and Janet Dubinsky, undergraduates
in the Department of Biology. We are studying the effects of sodium pump inhibitors on
the magnitude and time course of the threshold changes. We plan to continue to analyze
the threshold changes in search of an interpretation of them in terms of membrane pro-
cesses. Preliminary results indicate that the supernormal phase persists during pump
poisoning, but that the buildup of depression is prevented. Once the role of the "pump"
is established, we will direct our attention to the identification of the ions involved in
each of the phases of threshold change we identify.
b. Investigation of impulse propagation in model arborizations; implications for
information handling. In collaboration with Jeffrey Nicoll and Paul Pangaro (graduate
students at M. I. T.), and with the assistance of the A. I. Laboratory, M. I. T. , we have
been working with model axon trees to determine what capabilities they have as
information-handling devices. Experimental work on the model is still preliminary,
although we are satisfied at last that the program we have generated is reasonable and
has sufficient flexibility in its variable parameters that we shall be able to explore the
way in which messages (in the form of pulse-interval patterns) are discriminated by the
axon. We shall continue this project next year.
We are also beginning a new project. The results obtained by Mark Lurie on the
question of retinal adaptation to illumination constitute another in a series of results
that indicate that a recasting of the notions of how the retina works is desirable. We
shall approach two tantalizing problems with implications for theories of retinal func-
tion. The first concerns the possibility that wavelength discrimination exists for cer-
tain retinal ganglion cells of the frog. In our first experiments we shall identify the
cells in question and seek to complete the description of the frog retina which was made
in this laboratory some years ago.
The second problem is more elaborate. Although initially it seems Laputan, the
questions that it involves have fundamental implications. In brief, the problem is to
investigate experimentally the interaction of several "features" in the visual field of
certain ganglion cells of the frog. In other words, rather than demonstrate inhibition
and summation of two points of light in various regions of the visual field, we shall
search for interactions between visual events more explicitly tailored to the apparent
operations of the cells.
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